Electroencephalographic monitors of anaesthetic depth are reported to assist anaesthetists in reducing recovery times. We explored the effect of bispectral index (BIS) monitoring on recovery times in a double-blind, randomized controlled trial of 2,463 patients at high risk of awareness. Patients were randomized to BIS-guided anaesthesia or routine care. In the BIS group, anaesthesia was adjusted to maintain a BIS value of 40-60 from the commencement of laryngoscopy to the start of wound closure, and 55-70 during wound closure. In the routine care group, anaesthesia was adjusted according to traditional clinical signs. In multivariate models, BIS monitoring, female gender, lower American Society of Anesthesiologists' physical status and shorter duration of anaesthesia predicted faster time to eye-opening after anaesthesia, and faster time to post-anaesthesia care unit discharge. BIS monitoring did not affect times to tracheal extubation among patients admitted to the intensive care unit. We conclude that BIS monitoring has statistically significant, but clinically modest, effects on recovery times in high risk surgical patients.
Anaesthetists are under pressure to optimize recovery times, decrease the incidence of postoperative complications and improve patient satisfaction with anaesthesia care 1 . Electroencephalographic (EEG) monitors of anaesthetic depth are reported to assist anaesthetists in achieving these goals [2] [3] [4] [5] , although such monitoring may result in a different set of complications and increased cost 6 . Previous randomized controlled trials have mainly focused on younger, healthier patients having minor surgery [2] [3] [4] [5] [7] [8] [9] [10] [11] [12] [13] [14] [15] . We recently completed a randomized controlled trial of bispectral index monitoring (BIS; Aspect Medical Systems Inc., U.S.A.) in 2,463 patients at high risk of awareness (the B-Aware trial) 16 . These patients were also at high risk of perioperative morbidity and mortality. The time to eye opening after anaesthesia was less with BIS-guided anaesthesia, but in this analysis, there was no measurable effect of BIS monitoring on the time to Post Anaesthesia Care Unit (PACU) discharge, or tracheal extubation among patients admitted to the ICU postoperatively. The B-Aware trial was the first occasion at which the effect of BIS monitoring on recovery and tracheal extubation in a large group of high risk patients had been assessed 16 .
Our previous paper 16 presented only limited analyses of the factors predicting recovery from anaesthesia. In this paper, we report the results of more extensive univariate and multivariate analyses of the factors that may predict prolonged recovery, with the aim of assisting anaesthetists in planning perioperative care for these patients.
METHODS
The B-Aware trial protocol has been described in detail elsewhere 16 . In summary, patients were eligible for this multi-centre, double-blind, randomized controlled trial, if they were aged >18 years, were undergoing surgery under relaxant general anaesthesia and had at least one risk factor for awareness, including high-risk cardiac surgery; cardiovascular instability; opioid, alcohol or benzodiazepine dependence; caesarean section; or a past history of awareness 16 .
All centres obtained ethics committee approval and all patients gave written informed consent before enrolment. Patients were randomly assigned, using a computer-generated list, to receive BIS-guided anaesthesia (BIS of 40 to 60 from the commencement of laryngoscopy to the start of wound closure, and 55 to 70 during wound closure) or routine anaesthesia care (anaesthesia adjusted according to traditional clinical signs, BIS monitoring not used). All other aspects of anaesthesia care, including monitoring, choice of anaesthetic agents, muscle relaxants and perioperative analgesia were left to the discretion of the anaesthetist 16 . In both groups, anaesthetists were instructed to aim for rapid recovery from anaesthesia, if this was considered appropriate clinically. Patients were interviewed on three occasions postoperatively (2-4 h, 24-36 h and 30 days) by an interviewer who was blind to the randomization. Awareness was defined as postoperative recall of intraoperative events and all reports were forwarded to an independent endpoint adjudication committee.
Recovery times were measured from completion of wound dressing to either eye-opening and eligibility for PACU discharge (defined as an Aldrete score 9 ) 17 , or to time to tracheal extubation for patients who were mechanically ventilated postoperatively. Other endpoints included awareness (which was rigorously defined as previously reported 16 ), dreaming during anaesthesia, hypnotic drug administration, incidence of severe hypotension (defined as systolic blood pressure less than 90 mmHg and requiring vasoactive drug treatment), technical difficulties during anaesthesia (such as difficult intubation, equipment malfunction), anxiety and depression using a validated scale 18 and patient satisfaction on a 5-point scale.
Statistical analyses
For each of the three time-based endpoints (time to eye-opening, time to PACU discharge eligibility, and time to tracheal extubation), univariate Cox proportional hazard models were used to define hazard ratios and 95% confidence intervals. A hazard ratio identifies the risk of an event occurring in one group versus another group. Significant predictors from univariate models were included in multivariate Cox proportional hazard models. Analysis for interactions was also performed, but as none of the interaction terms were statistically significant for any of the three endpoints, these results are not reported. We also assessed recovery times in BIS-monitored patients not admitted to the ICU, taking into account the effect of average BIS values during maintenance and duration of anaesthesia. Predictors in all models were examined to assess the constancy of their effects over time. The methods and results of these analyses are reported in the Appendix. All P values are two-sided and P<0.05 was considered statistically significant.
RESULTS
Two thousand, five hundred and three patients were recruited to the B-Aware trial. Forty patients were withdrawn because of withdrawal of consent (BIS group=6, routine care group=2); cancellation of surgery (BIS group=13, routine care group=13), surgery done without general anaesthesia (BIS group =4, routine care group=0), or because the patient was underage (BIS group=0, routine care group= 2). Data from 2,463 patients (1,225 in the BIS group and 1,238 in the routine care group) were included in the intention-to-treat analyses 16 . The patients were aged median 61 [interquartile range: 41-71] years; 62% were male and 74% were of ASA status III-V. Eightyone per cent of patients had at least one pre-existing medical condition. Forty-two per cent of patients presented for cardiac surgery and 54% received their initial postoperative care in the intensive care unit (ICU) or high dependency unit (HDU) 16 . Anaesthetic drug choices and doses used were similar in the two groups, with the exception that patients in the control group received more midazolam than BIS group patients 16 .
Bispectral index monitoring, female gender and shorter duration of anaesthesia predicted faster time to eye-opening after anaesthesia among patients admitted to the PACU (Table 1) . Bispectral index monitoring, female gender, lower ASA physical status, shorter duration of anaesthesia and absence of intraoperative hypotension predicted faster time to eligibility for PACU discharge, among patients admitted to the PACU ( Table 2 ). Bispectral index data were not recorded in the routine care group. However, in the BIS-monitored group shorter times to eye-opening were recorded if average BIS values were higher during maintenance of anaesthesia (Table 3 ). In addition, in BIS-monitored patients a shorter duration of anaesthesia predicted a faster time to eye-opening and faster time to PACU discharge. Younger age, male gender, lower ASA physical status, shorter duration of anaesthesia, cardiac surgery, absence of impaired cardiovascular status and absence of intraoperative hypotension predicted faster time to tracheal extubation in patients admitted to the ICU (Table 4 ).
DISCUSSION
BIS monitoring had statistically significant, but clinically modest, effects on the times to eye-opening and times to discharge from the PACU. Nevertheless, our results are important for a number of reasons.
Firstly, shorter times to responsiveness 2, 4, 7, 9, 11, 12, 14 and PACU discharge 4, 7, 10, 14 in BIS-monitored patients have been demonstrated before, but in these studies, patients were younger, with lower ASA status and tightly-controlled anaesthesia. Wong and colleagues 15 reported improved recovery with BIS monitoring in a small study (n=60) of elderly orthopaedic patients, however, most of these patients were ASA physical status II. We have demonstrated that BIS monitoring can reduce recovery times in a large, heterogeneous population. Many of the patients in our study were elderly, had poor preoperative health status and were presenting for major or emergency surgery. There was little evidence that the effect of BIS monitoring differed across subgroups of any of these factors, as reflected by the absence of statistically significant interaction terms in the regression models. Previous studies 2,4,7,10,12,14 , and ours 16 , reported that lower doses of anaesthetic drugs were administered to BISmonitored patients: the likely reason for faster recovery times. Another possibility is that BISmonitored patients received more analgesics intraoperatively and had less pain postoperatively. This was not supported by our study, in which opioid administration was similar between the two groups. Secondly, the results presented here confirm that the reduction in awareness in BIS-monitored patients in the B-Aware trial was not due to increased anaesthetic administration (which would cause slower recovery). In fact, the reverse is true, as BISmonitored patients received less midazolam and lower target concentrations of propofol 16 . Bispectral index monitoring, therefore, can assist in avoiding excessively deep anaesthesia, as well as avoiding awareness.
Times to eye-opening and PACU discharge were significantly shorter in younger patients with lower ASA status and those having shorter operations. Bispectral index monitoring did not affect the time to tracheal extubation of patients admitted to the ICU postoperatively. Time to tracheal extubation reflects illness severity rather than anaesthetic effect 19 , and times were longer in older patients with higher ASA scores having non-cardiac surgery. BIS monitoring during surgery therefore would not be expected to alter tracheal extubation time in ICU patients. The hazard ratios for predictors of recovery presented in this paper differ from results presented previously 16 . In particular, BIS monitoring was a significant predictor of early PACU discharge in this paper, but not in our previous paper (hazard ratio 1 . 11, P=0 . 09, adjusted for age and duration of surgery only 16 ). Multivariate analyses help explore the effect of the many factors that may affect recovery. In this more extensive multivariate analysis, we adjusted for age, sex, ASA physical status and duration of surgery, and included BIS monitoring, impaired cardiovascular status, total intravenous anaesthesia and intraoperative hypotension in the model. However, whilst BIS monitoring was shown to have a statistically significant effect on time to PACU discharge in this model, the clinical effect was modest (66 min vs 63 min).
In conclusion, in a group of high-risk surgical patients, BIS monitoring reduced the times to eyeopening and discharge in patients admitted to the PACU, but had no effect on the time to tracheal extubation in patients admitted to the ICU.
Introduction
A predictor (such as BIS monitoring) may not have the same effect in reducing recovery times in patients who recover rapidly from anaesthesia compared with those who recover more slowly. For this reason, we conducted analyses looking at differing effects of predictors over time.
Methods
Firstly, we examined univariate exploratory plots for each predictor to assess constancy of their effects over time. A general tendency for the effects of most predictors to diminish over time was observed. Therefore, for each endpoint, the time scale was split into approximate tertiles (i.e. three categories each with approximately equal numbers of events), and Cox proportional hazards multiple regression models including all predictors were fitted using interaction terms with the time tertiles, to allow each predictor to have a different effect in each of the time periods. Backwards elimination using the likelihood ratio test with a threshold significance level for retention of 0.05 was then used to determine the set of predictors whose effects varied significantly over time. Table A1 presents the main effect of each predictor, which can be considered as a weighted average of its effects over the three time periods. A P value of <0.05 in this table indicates that the effect of the predictor differed over the three time periods. Tables A2-4 provide the time-period specific effects for the predictors whose effects were observed to vary significantly over time. The P values for these tests are presented in the tables as "P for heterogeneity" in the tables.
Results
The predictive values of sex and ASA physical status for time to eye opening were not homogeneous over the recovery period (Table A2 ). Hazard ratios (HR) can be interpreted as follows: The HR of 1.50 for females in the first five minutes following completion of wound closure means that, at any time during this 5-minute period, females were 50% more likely to open their eyes in the next time instant than males. However, among patients who had still not opened their eyes after 10 minutes, the chance of eye-opening at any time thereafter, was approximately the same for females and males (HR=1.07 [95% CI 0.87-2.31]). Therefore, gender was prognostic of early, but not late, eye opening. Higher ASA physical status was associated with longer time to eye opening, but only in the period 6-10 minutes after operation. The P value of 0.009 reflects the statistically significant differences in the effect of ASA status across the three time periods. 449 
RECOVERY AND BIS MONITORING
Anaesthesia and Intensive Care, Vol. 33, No. 4, August 2005 The predictive value of duration of anaesthesia and intraoperative hypotension on time to PACU discharge eligibility were not homogeneous over the recovery period (Table A3 ). In the first 90 minutes of recovery, intraoperative hypotension predicted longer time to PACU discharge. However, after 90 minutes of recovery, intraoperative hypotension was not predictive. Similarly, in the first 90 minutes of recovery, longer operations predicted longer recovery, whilst after 90 minutes this was no longer the case.
The predictive values of many variables for time to tracheal extubation were not homogeneous over the recovery period (Table A4 ). Whilst longer duration of anaesthesia predicted longer time to tracheal extubation across all time periods, older age and higher ASA status were only predictive of longer time to tracheal extubation in patients who remained intubated for <16 hours. Impaired cardiovascular status and total intravenous anaesthesia were only predictive of outcome in the middle and late time periods respectively.
Discussion
Our tests for homogeneity of predictor effects over different time periods of recovery strongly reinforce the need to examine, and report, the constancy of predictors effects over time. For example, the effects of gender on time to eye opening, and duration of anaesthesia on time to PACU discharge, were only significant for early in the recovery period. Potentially, the predictors collected in our study did 450 K. LESLIE, P. S. MYLES ET AL Anaesthesia and Intensive Care, Vol. 33, No. 4, August 2005 Data are presented as hazard ratios (HR) (95% confidence intervals [CI]). a P value for homogeneity of hazard ratios for each factor across the three tertiles of time. For multi-category terms, it assesses differences in hazard ratios across time for each of the categories simultaneously. ASA=American Society of Anesthesiologists. TIVA=Total Intravenous Anaesthesia. ICU=Intensive Care Unit.
